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Dcosts associated with pediatric cardiac surgery and reduce
the interinstitutional variability.
Compared with published standards, our program has
had low mortality and complication rates. The aggregate
multi-institutional mortality for pediatric cardiac surgery
is 4%16,17 and 32% of operations are associated with
1 complication.18 In contrast, we found a mortality rate
of 1.5% and a complication rate of 27%. Furthermore,
our linked database analysis had multiple layers of
redundancy to maximize the opportunity for the complete
capture of complications in the present study. As the
only tertiary care cardiac surgery center in British
Columbia, we provide exclusive service to a population of
>4 million residents, and our case distribution reflects the
distribution of cardiac pathologic entities in children in
British Columbia. Our morbidity and mortality data provide
additional support for EE as an important perioperative
management strategy. Reducing complications further
will contribute to optimal resource use in addition to
improving clinical outcomes.
Our study was limited by the retrospective nature of the
analysis. Given that there was a programmatic implementa-
tion of early extubation at our institution, we did not have a
contemporary control cohort. We did not believe that a
retrospective control group would be valid, given the
potential for unmeasurable confounders that can be
associated with a programmatic change. Nonetheless,
comparing our present results with the adoption of this
perioperative management strategy with contemporary
published benchmarks, it is clear that the outcomes,
complication rates, and resource usage compare favorably.
Given the differences in case distribution among centers,
the results of the present study serve as a demonstration
of the feasibility of this approach being extended to
neonates. The lack of a suitable control group has
precluded determining whether a causal relationship
exists between EE and improved clinical outcomes. The
generalizability of such an approach is institution depen-
dent, because it requires broad-based support from cardiac
surgery, cardiology, anesthesia, and ICU to be successfully
implemented.CONCLUSIONS
Most children undergoing congenital heart surgery can
be extubated in the operating room. Most neonates,
including many undergoing complex procedures, can be
extubated within the first 24 hours after surgery. Implemen-
tation of an EE strategy for children with congenital heart
disease is safe, feasible, and associated with good outcomes
and low resource usage.References
1. Alghamdi AA, Singh SK, Hamilton BCS, Yadava M, Holtby H, Van Arsdell GS,
et al. Early extubation after pediatric cardiac surgery: systematic review,The Journal of Thoracic and Carmeta-analysis, and evidence-based recommendations. J Card Surg. 2010;25:
586-95.
2. Lawrence EJ, Nguyen K, Morris SA, Hollinger I, Graham DA, Jenkins KJ, et al.
Economic and safety implications of introducing fast tracking in congenital heart
surgery. Circ Cardiovasc Qual Outcomes. 2013;6:201-7.
3. Howard F, Brown KL, Garside V, Walker I, Elliott MJ. Fast-track paediatric
cardiac surgery: the feasibility and benefits of a protocol for uncomplicated
cases. Eur J Cardiothorac Surg. 2010;37:193-6.
4. Meibner U, Scharf J, D€otsch J, Schroth M. Very early extubation after open-heart
surgery in children does not influence cardiac function. Pediatr Cardiol. 2008;29:
317-20.
5. Vricella LA, Dearani JA, Gundry SR, Razzouk AJ, Brauer SD, Bailey LL. Ultra
fast track in elective congenital cardiac surgery. Ann Thorac Surg. 2000;69:
865-71.
6. Mittnacht AJC, Thanjan M, Srivastava S, Joashi U, Bodian C, Hossain S, et al.
Extubation in the operating room after congenital heart surgery in children.
J Thorac Cardiovasc Surg. 2008;136:88-93.
7. Jacobs JP. Introduction—databases and the assessment of complications
associated with the treatment of patients with congenital cardiac disease. Cardiol
Young. 2008;18(suppl 2):1-37.
8. Jenkins KJ, Gauvreau K, Newburger JW, Spray TL, Moller JH, Iezzoni LI.
Consensus-based method for risk adjustment for surgery for congenital heart
disease. J Thorac Cardiovasc Surg. 2002;123:110-8.
9. Preisman S, Lembersky H, Yusim Y, Raviv-Zilka L, Perel A, Keidan I, et al. A
randomized trial of outcomes of anesthetic management directed to very early
extubation after cardiac surgery in children. J Cardiothorac Vasc Anesth.
2009;23:348-57.
10. Kurihara Y, Shime N, Miyazaki T, Hashimoto S, Tanaka Y. Clinical and
hemodynamic factors associated with the outcome of early extubation
attempts after right heart bypass surgery. Interact Cardiovasc Thorac Surg.
2009;8:624-8.
11. Schultz TR, Lin RJ, Watzman HM, Durning SM, Hales R, Woodson A, et al.
Weaning children from mechanical ventilation: a prospective randomized trial
of protocol-directed versus physician-directed weaning. Respir Care. 2001;46:
772-82.
12. Blackwood B, Murray M, Chisakuta A, Cardwell CR, O’Halloran P.
Protocolized versus non-protocolized weaning for reducing the duration of
invasive mechanical ventilation in critically ill paediatric patients. Cochrane
Database Syst Rev. 2013;CD009082.
13. Farias J, Alıa I, Retta A, Olazarri F, Fernandez A, Esteban A, et al. An evaluation
of extubation failure predictors in mechanically ventilated infants and children.
Intensive Care Med. 2002;28:752-7.
14. Shaath GA, Jijeh A, Faruqui F, Bullard L, Mehmood A, Kabbani MS.
Ventilator-associated pneumonia in children after cardiac surgery. Pediatr
Cardiol. 2014;35:627-31.
15. Pasquali SK, Jacobs ML, He X, Shah SS, Peterson ED, Hall M, et al.
Variation in congenital heart surgery costs across hospitals. Pediatrics. 2014;
133:553-60.
16. Shanmugam G, Clark LL, Burton HJ, Warren AE, O’Blenes SB, Hancock
Friesen CL. Improving and standardizing capture of pediatric cardiac surgical
complications. J Thorac Cardiovasc Surg. 2012;144:570-6.
17. Jacobs JP, Jacobs ML, Mavroudis C, Backer CL, Lacour-Gayet FG,
Tchervenkov CI, et al. Nomenclature and databases for the surgical
treatment of congenital cardiac disease—an updated primer and an analysis of
opportunities for improvement. Cardiol Young. 2008;18(suppl 2):38-62.
18. Benavidez OJ, Gauvreau K, Nido PD, Bacha E, Jenkins KJ. Complications and
risk factors for mortality during congenital heart surgery admissions. Ann Thorac
Surg. 2007;84:147-55.Discussion
Dr Ralph Mosca (New York, NY). Congratulations on an
important study, which seeks to define the feasibility and utility
of a clinical strategy of EE for all patients after congenital heart
surgery.
EE of the vast majority of infants and children is a part of
the postoperative protocol in most major cardiac centers; how-
ever, it might be particularly complicated in the neonate afterdiovascular Surgery c Volume 148, Number 6 2647
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Dcardiac surgery. The higher metabolic demands, a proportion-
ately greater negative effect on cardiac and respiratory func-
tion, combined with a diminished reserve, places these
patients at greater risk of failure. The caregiver must weigh
the risks of prolonged extubation with the negative conse-
quences of premature extubation. EE in the operating room
is further encumbered by requiring transport of the patients af-
ter this important intervention.
In your study, although neonates were included, they
constituted a relatively small proportion of the group, about
16%. The data were also somewhat skewed toward those with
lower complexity (96% of them had a Risk Adjustment for
Congenital Heart Surgery score of <3). Also, 63% of your
neonates were extubated within 24 hours; however, the
reintubation rate in that group was 11.5%, somewhat greater
than the 4% to 6% often reported in published studies. The modes
of failure and reasons for reintubation were also not well
delineated and would be helpful to us as readers.
My first question is: did the patients who failed early extubation
have a more prolonged second period of intubation?
Dr Harris. Thank you for the question. Those are very
important points.
I think, obviously, the neonates are a more fragile population.
We found that of thosewho had to be reintubated, 7 of the 63, about
one half of them were extubated for a second time within 24 hours
of that reintubation. This might have resulted from an enhanced
sensitivity to the analgesic or sedative medication they had
received around the time of extubation in the neonates.
Dr Mosca. The authors also believe that protocols might be
superior to objective data-driven extubation parameters. The
current protocol used a subjective evaluation of the patients’
readiness for extubation. The study had no control group.
Patients in the EE cohort were less likely to have postoperative
complications and had shorter ICU and hospital stays. However,
given the nonrandomized nature of the present study, an inherent
selection bias is present, making it impossible to assign causality
to this relationship. Was propensity matching used to try to reduce
the effects of confounding in the study?
Dr Harris. Thank you for the comments. Yes, I think an
important limitation of the study is that we did not have a control
group. Obviously, the children who had DE were the children who
had more risk factors and were overall sicker. Therefore, it was not
surprising that they had a greater complication rate and greater
mortality than those who were extubated early.
We did not believe that using a retrospective control group was
justifiable because a number of programmatic changes occurred2648 The Journal of Thoracic and Cardiovascular Surthat had coincided with implementation of the EE strategy at our
institution. We did not perform propensity matching.
Dr Mosca. Perhaps if you do perform propensity matching to
compare the groups, it would help to remove some of the selection
bias and further clarify the benefits.
Finally, the published data concerning early postoperative
care in neonates quotes a nearly 30% incidence of early
complicating factors such as reduced lung compliance, low
cardiac output, and labile pulmonary resistance. Given your expe-
rience and your predictors of delayed extubation, are there addi-
tional subgroups of patients for whom you would currently
avoid EE?
I enjoyed your report, and I am sure it will provide stimulus for
future studies.
DrHarris. Thank you for the question. I did not have time to go
over the predictors of DE in my presentation but they were shown
in the abstract.
Right now at our institution, before the procedure, the surgeon
and anesthesiologist discuss the patient’s likelihood of being
extubated after the procedure. The suitability for EE is then
reviewed after the procedure, taking into account the surgical
course, postoperative transesophageal echocardiographic findings,
and the overall cardiorespiratory status of the patient. If patients
are transported to the ICU in an intubated fashion, the need for
invasive ventilator support is reassessed in a joint fashion at least
twice in the first 24 hours by the cardiology, cardiac surgery, and
ICU staff.
We did not have specific factors that precluded EE, but
obviously, for some children, in particular, for neonates, if they
havemultiple risk factors, such as those shown in the present study,
including preoperative mechanical ventilation, it would be
unlikely that they will be extubated immediately after the
procedure.
Dr Mosca. I would hope that is where future research on this
topic would focus. If you just considered your DE predictors,
you would rule out a fair number of complex procedures and
most neonates, although you have shown that they will do pretty
well anyhow. Additionally, it would be helpful to further delineate
those patients who should not receive EE. For example, a patient
with reduced left ventricular function after an anomalous coronary
(anomalous left coronary artery from the pulmonary artery) repair,
for whom extubating early could prove harmful, given the
potentially adverse effects of negative respiration on the left
ventricle in that subgroup.
So, great work. I think it should serve as a stimulus for future
research on EE in our patients. Thank you.gery c December 2014
